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10 

WIND TURBINE AND BLADE ALIGNMENT These and other features , aspects and advantages of the 
METHOD THEREOF present invention will become better understood with refer 

ence to the following description and appended claims . The 
FIELD OF THE INVENTION accompanying drawings , which are incorporated in and 

5 constitute a part of this specification , illustrate embodiments 
The present subject matter relates generally to wind of the invention and , together with the description , serve to 

turbines and , more particularly , to blade alignment methods explain the principles of the invention . 
for wind turbines . 

BRIEF DESCRIPTION OF THE DRAWINGS 
BACKGROUND OF THE INVENTION 

A full and enabling disclosure of the present invention , 
Wind power is considered one of the cleanest , most including the best mode thereof , directed to one of ordinary 

environmentally friendly energy sources presently available , skill in the art , is set forth in the specification , which makes 
and wind turbines have gained increased attention in this reference to the appended figures , in which : 
regard . A modern wind turbine typically includes a tower , a FIG . 1 illustrates a schematic perspective view of an 
generator , a gearbox , a nacelle , and one or more rotor blades . exemplary wind turbine . 
The rotor blades capture kinetic energy of wind using known FIG . 2 illustrates an elevation view taken from a root end 
foil principles . The rotor blades transmit the kinetic energy of a blade of the wind turbine of FIG . 1 . 
in the form of rotational energy so as to turn a shaft coupling 20 FIG . 3 is a cross - section view of the blade of FIG . 2 , 
the rotor blades to a gearbox , or if a gearbox is not used , which shows an inner structure of a blade station . 
directly to the generator . The generator then converts the FIG . 4 is a flow chart illustrating an exemplary wind 
mechanical energy to electrical energy that may be deployed turbine blade alignment process . 
to a utility grid . 

Typically , the rotor blades are mounted on a hub and 25 DETAILED DESCRIPTION OF THE 
aerodynamically interact with the wind . In order to improve INVENTION 
efficiency for capturing the wind energy , it is usually needed 
to adjust blade pitch to a desired blade pitch angle after the Reference now will be made in detail to embodiments of 
blade is assembled to the hub . Currently , the alignment the invention , one or more examples of which are illustrated 
between the blade and hub is carried out by manually 30 in the drawings . Each example is provided by way of 
marking the blade and hub in factory and manually aligning explanation of the invention , not limitation of the invention . 
the marks in the field where the wind turbine is mounted . In fact , it will be apparent to those skilled in the art that 
However , the manual alignment may introduce high vari - various modifications and variations can be made in the 
ance and high probability of errors . Misalignment may cause present invention without departing from the scope or spirit 
annual energy output ( AEP ) lost . For example , 3 - degree 35 of the invention . For instance , features illustrated or 
deviation may cause 5 % AEP loss . Moreover , misalignment described as part of one embodiment can be used with 
may cause high turbine vibration , and cause un - symmetrical another embodiment to yield a still further embodiment . 
force and worsen working load to the turbine , which may Thus , it is intended that the present invention covers such 
generate damage and significantly reduce the service life of modifications and variations as come within the scope of the 
wind turbine components . 40 appended claims and their equivalents . 

Accordingly , a new blade alignment method and a wind In general , the present subject matter is directed to wind 
turbine which can align its blades with the method are turbines with improved blade alignment capabilities as well 
desirable . as blade alignment methods . A sensor is provided ( pre 

embedded or assembled ) in a wind turbine blade section , 
BRIEF DESCRIPTION OF THE INVENTION 45 like a zero - twist blade station or any other positions with a 

known twist angle , which is known from design or simula 
Aspects and advantages of the invention will be set forth tion supposing that the blade is in an ideal twist alignment . 

in part in the following description , or may be obvious from The sensor , such as an angle sensor , optionally used with a 
the description , or may be learned through practice of the calculation unit and method , is able to measure and obtain 
invention . 50 angle information of the location where it is installed . If the 

In one aspect , the present subject matter is directed to a angle obtained by the sensor is equal to the known twist 
wind turbine blade alignment method . In the method , an angle , it is indicated that the blade is well aligned . 
installation angle of a blade station with a known twist angle Referring now to the drawings , FIG . 1 illustrates a per 
is measured by a sensor provided at the blade station . The spective view of one embodiment of a wind turbine 100 . As 
measured installation angle is compared with the known 55 shown , the wind turbine 100 generally includes a tower 102 
twist angle , and the position of the blade is adjusted if the extending from a support surface 101 , a nacelle 103 
measured installation angle is not equal to the known twist mounted on the tower 102 , and a rotor 104 coupled to the 
angle , wherein the installation angle substantially equals to nacelle 103 . The rotor 104 includes a rotatable hub 106 and 
the known twist angle . at least one rotor blade 108 coupled to and extending 

In another aspect , the present subject matter is directed to 60 outwardly from the hub 106 . For example , in the illustrated 
a wind turbine having a rotor including a blade , and a sensor embodiment , the rotor 104 includes three rotor blades 108 . 
for measuring an installation angle of a blade station , However , in an alternative embodiment , the rotor 104 may 
wherein the blade station has a known twist angle . The wind include more or less than three rotor blades 108 . Each rotor 
turbine further includes a controller having a processing unit blade 108 may be spaced about the hub 106 to facilitate 
for determining whether to adjust the installation angle of 65 rotating the rotor 104 to enable kinetic energy to be trans 
the blade station by comparing the installation angle mea - ferred from the wind into usable mechanical energy , and 
sured by the sensor to the known twist angle . subsequently , electrical energy . For instance , the hub 106 
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may be rotatably coupled to an electric generator ( not it is located . It may be a position sensor used to obtain 
shown ) positioned within the nacelle 103 to permit electrical position information , which can be processed to calculate 
energy to be produced . the installation angle of the blade station , or an angle sensor 

The wind turbine 100 may also include a wind turbine that permits angle measurement . In a specific embodiment , 
controller 120 centralized within the nacelle 103 . However , 5 the sensor is an angle sensor , such as a micro inertial 
in other embodiments , the controller 120 may be located measurement unit ( MIMU ) . As used herein , " micro inertial 
within any other component of the wind turbine 100 or at a measurement unit ( MIMU ) ” refers to a motion capture 
location outside the wind turbine . Further , the controller 120 sensing apparatus , which can sense three dimensional ( 3D ) 
may be communicatively coupled to any number of the orientation ( pitch , roll , yaw ) signals , 3D acceleration sig 
components of the wind turbine 100 in order to control the 10 nals , 3D rate of turn signals , 3D magnetic field signals , 
operation of such components and / or to implement a control and / or other related parameter signals in real time . The 
action . As such , the controller 120 may include a computer MIMUS may include at least one of or any combination of 
or other suitable processing unit . Thus , in several embodi - a 3D accelerometer , a 3D gyroscope , and a 3D magnetom 
ments , the controller 120 may include suitable computer - eter . 
readable instructions that , when implemented , configure the 15 The sensor may be provided before or after the blade is 
controller 120 to perform various different functions , such as assembled to the hub . That is to say , the sensor may be 
receiving , transmitting and / or executing wind turbine con embedded or pre - assembled to the blade before the blade is 
trol signals . Accordingly , the controller 120 may generally assembled to the hub , for example , during the manufacturing 
be configured to control the various operating modes of the process of the blade , or attached to the blade after the blade 
wind turbine 100 ( e . g . , start - up or shut - down sequences ) , 20 is assembled to the hub but before conducting the blade 
de - rate or up - rate the wind turbine 100 , and / or control alignment . The sensor may be located in any positions of the 
various components of the wind turbine 100 . For example , blade station where it is installed . For example , the sensor 
the controller 120 may be configured to control the blade may be infused into or assembled to a skin , shear web or spar 
pitch or pitch angle of each of the rotor blades 108 ( i . e . , an cap of the blade station . In the blade station 203 as illustrated 
angle that determines a perspective of the rotor blades 108 25 in FIG . 3 , the sensor may be attached to an inside skin of the 
with respect to the direction of the wind ) to control the blade station , or to a shear web 209 or spar cap 211 within 
power output generated by the wind turbine 100 by adjusting the blade station 203 . In a specific embodiment , the sensor 
an angular position of at least one rotor blade 108 relative to 301 is embedded into a prefab block 305 , which is infused 
the wind . For instance , the controller 120 may control the into or assembled to the blade station 203 . 
pitch angle of the rotor blades 108 by rotating the rotor 30 The sensor may be wireless or comprise wires for power 
blades 108 about a pitch axis 123 , either individually or supply and signal transfer . In some embodiments , the sensor 
simultaneously , by transmitting suitable control signals to a is wireless and comprises power battery and a wireless 
pitch drive or pitch adjustment mechanism ( not shown ) of signal transfer device . In some embodiments , the sensor 
the wind turbine 100 . comprises power supply or / and signal transfer wires extend 

The blade profile includes a serial of cross sections with 35 ing along a spar cap , a shear web or an inner skin of the 
specified airfoil profile . To provide the best capture of wind blade . 
energy , these cross sections may be put into a series with In order to conduct blade alignment based on information 
their chord line gradually twisted from the blade root to the obtained by the sensor , the controller 120 of the wind turbine 
blade tip , starting from a positive twist angle to a zero twist 100 may include a processing unit configured to determine 
angle and further to a negative twist angle . For example , as 40 whether to adjust the installation angle of the blade station 
illustrated in FIG . 2 , which shows an elevation view of the by comparing if the installation angle measured by the 
blade 108 as an example taken from a root end of the blade sensor is equal to the known twist angle . The processing unit 
108 , a root - adjacent blade station 201 has a chord line 202 may include a receiver for receiving the angle or position 
with a positive twist angle a , a middle - around blade station information sensed by the sensor . Moreover , the processing 
203 has a chord line 204 with zero twist angle , and a tip or 45 unit may further include a calculation unit for processing the 
tip - adjacent blade station 205 has a chord line 206 with angle or position information to calculate the installation 
negative twist angle ß . angle of the blade station where the sensor is located . For 

In order to regulate the power output of the wind turbine example , if the sensor is a position sensor for measuring 
and the loads on the wind turbine components , the wind position information , the processing unit may include a 
turbine blades have variable pitch , i . e . each blade 108 can be 50 calculation unit for processing the position information to 
rotated around a pitch axis thereof ( e . g . , a longitudinal axis ) . calculate the installation angle of the blade station . The 
It is important to adjust blade pitch accurately to a desired processing unit is programmed to cause the blade to rotate 
blade pitch angle in order to achieve proper operation of about its pitch axis if the installation angle measured by the 
each blade and of the entire system , which is usually realized sensor is not equal to the known twist angle , and stop 
by aligning a blade chord line with an alignment reference 55 rotating once the installation angle measured by the sensor 
on the hub . The blade station having a chord line with a zero is substantially equal to the known twist angle . 
twist angle is regarded as the zero twist station , and usually Another aspect of the present disclosure relates to a wind 
is used as the baseline for aligning the blade with the hub turbine blade alignment method . In the method , an instal 
( although as mentioned above , any blade station with a lation angle of a blade station with a known twist angle is 
known twist angle can be used as the baseline ) . 60 measured by a sensor provided at the blade station . The 
As the blades 108 are large and the tower section 102 for installation angle is adjusted if the installation angle mea 

installing the blades is tall in size , it is hard to make accurate sured by the sensor is not equal to the known twist angle . As 
blade alignment manually . As illustrated in FIGS . 2 and 3 , described above , the installation angle is adjusted by rotat 
a sensor 301 is provided at a blade station with a known twist ing the blade around its pitch axis . For example , in a method 
angle , such as the zero twist station 203 . The sensor alone or 65 according to a specific embodiment as illustrated in FIG . 4 , 
assisted by a processing unit of the controller 120 , is capable an installation angle of a blade station with a known twist 
of measuring an installation angle of the blade station where angle is measured by a sensor provided at the blade station 
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in step 401 , and the measured installation angle is compared 7 . The method according to claim 6 , wherein the angle 
with the known twist angle in step 403 . If the measured sensor is a micro inertial measurement unit ( MIMU ) com 
installation angle is not equal to the known twist angle , the prising at least one of or any combination of a 3D acceler 
blade is caused to rotate about its pitch axis in step 407 . ometer , a 3D gyroscope , and a 3D magnetometer . 
Once the measured installation angle is equal to the known 5 8 . The method according to claim 1 . wherein the sensor is 
twist angle , the blade is caused to stop rotating in step 405 , infused into or assembled to a shear web or a spar cap of the 
and therefore the blade alignment is completed . blade station . In some embodiments , before operating the sensor to 9 . The method according to claim 1 , wherein the sensor is measure an installation angle , the blade with the sensor is embedded into a prefab block , which is infused into or positioned to a certain location , for example , is positioned to 10 assembled to the blade station . make a longitudinal axis of the blade substantially in a 10 . The method according to claim 1 , wherein the sensor vertical direction , which may be realized by rotating the 
rotor of the blade . is spanwisely remote from a root end of the blade . 

This written description uses examples to disclose the 11 . A wind turbine comprising : 
invention , including the best mode , and also to enable anv 15 a rotor comprising a blade ; 
person skilled in the art to practice the invention , including a sensor for measuring an installation angle of a blade 
making and using any devices or systems and performing station , wherein the blade station has a known twist 
any incorporated methods . The patentable scope of the angle ; and 
invention is defined by the claims , and may include other a controller comprising a processing unit for determining 
examples that occur to those skilled in the art . Such other 20 whether to adjust the position of the blade by compar 
examples are intended to be within the scope of the claims ing the installation angle measured by the sensor to the 
if they include structural elements that do not differ from the known twist angle . 
literal language of the claims , or if they include equivalent 12 . The wind turbine according to claim 11 , wherein the 
structural elements with insubstantial differences from the controller is configured to adjust the position of the blade if 
literal languages of the claims . 25 the installation angle measured by the sensor is not equal to 
What is claimed is : the known twist angle . 
1 . A wind turbine blade alignment method comprising : 13 . The wind turbine according to claim 11 , wherein the 
measuring an installation angle of a blade station by a blade station has a twist angle of about zero . 

sensor provided at the blade station , wherein the blade 14 . The wind turbine according to claim 11 , wherein the 
station has a known twist angle ; 30 sensor is a position sensor used to obtain position informa comparing the measured installation angle with the tion , and the processing unit comprises a calculation unit for known twist angle ; and 

adjusting the position of the blade until the measured processing the position information to calculate the instal 
lation angle of the blade station . installation angle is equal to the known twist angle . 

2 . The method according to claim 1 , wherein the position 35 as 15 . The wind turbine according to claim 11 , wherein the 
of the blade is adjusted by rotating the blade around a pitch sensor is an angle sensor that permits direct angle measure 

ment . axis of the blade . 
3 . The method according to claim 1 , further comprising 16 . The wind turbine according to claim 15 , wherein the 

positioning the blade to a certain location before using the angle sensor is a micro inertial measurement unit ( MIMU ) 
sensor to measure the installation angle . comprising at least one of or any combination of a 3D 40 

4 . The method according to claim 1 , wherein the sensor is accelerometer , a 3D gyroscope , and a 3D magnetometer . 
positioned at a zero - twist station of the blade . 17 . The wind turbine according to claim 11 , wherein the 

5 . The method according to claim 1 , wherein the sensor is sensor is infused into or assembled to a shear web or a spar 
a position sensor , and measuring an installation angle further cap of the blade station . 
comprises obtaining position information of the blade sta - 45 18 . The wind turbine according to claim 11 , wherein the 
tion by the position sensor and processing the position sensor is embedded into a prefab block , which is infused into 
information to calculate the installation angle of the blade or assembled to the blade station . 

19 . The wind turbine according to claim 11 , wherein the station . 
6 . The method according to claim 1 , wherein the sensor is sensor is spanwisely remote from a root end of the blade . 

an angle sensor that permits direct angle measurement . 


